As the manufacture of soy sauce produces a large quantity of soy sauce cake as one of food processing waste, it is necessary to search for possible ways for their utilization. Chemical composition of soy sauce cake was analyzed to use as a material of high-value functional ingredients. The results showed that soy sauce cake could be potentially used as functional ingredients rich in proteins, with high antioxidative activitiy, free radical scavenging activity, and antihypertensive activity. Based on their IC 50 values, the hydrolysates from soy sauce cake were more significantly effective against superoxide anion radicals and ACE, compared with hydroxyl radicals and DPPH radicals. The present study indicates that a large amount of soy sauce cake can be used as source of proteins with good antioxidative activity, free radical scavenging activity, and antihypertensive activity. The utilization of soy sauce cake may be also to contribute to reduce food processing wastes and to resolve an environmental problem.
Introduction
Wheat is one of the three major grains in the world, and the annual production is around six hundred million tons worldwide in 2008 [1] . Soybean is called as the five grains containing wheat, rice, beans, millet (awa and kibi) in Japan. These crops are considered as the most important materials of plant foods. Soy sauce is the brown and salty flavoring produced during the enzymatic hydrolysis of soybean proteins into amino acids and small peptides to make it more flavorful. Soy sauce has been integrated into the traditional cuisines of many East Asian and Southeast Asian cultures. Soy sauce is widely used as a particularly important flavoring in Thai, Chinese, Korean, and Japanese cuisines. Despite their rather similar appearance, soy sauce produced in different cultures and regions are different in taste, consistency, fragrance, and saltiness. Soy sauce is called by many names such as toyo in the Philippines, kecap in Indonesia, jiangyou or chiyou in China, Joseon ganjang in Korea, and shoyu in Japan. Traditional soy sauce is made by mixing soybeans and grain with cultures such as Aspergillus oryzae and other related microorganisms and yeasts. The mixture was then fermented naturally in giant urns and under the sun, which was to contribute additional flavours. At present, the mixture is generally placed in a temperature and humidity controlled incubation chamber. In Japan, soy sauce manufacture is composed of six stages, namely, preparation of starter, treatment of raw materials, koji making, mash making and aging, pressing, and refining. The annual production of soy sauce is about 200,000 kiloliters worldwide in 2007 [2] . In Japan the annual production of it is about 900,000 kiloliters in 2008 [2] . The main soy sauce varieties in Japan are koikuchi, usukuchi, tamari, shiro, and saishikomi. In particular, over 80% of the Japanese domestic soy sauce production is of koikuchi, and can be considered the typical Japanese soy sauce. It is produced from an equal quantity of soybean and wheat. Then soy sauce cake as wastes comes to produce about 10% -20% (about 110,000 tons per year) against the quantity of production of soy sauce in the manufacturing process. These contain a large amount of bioactive substances such as amino acids, proteins, dietary fibers, and isoflavones. So, it has been desired the development of the effective utilization of soy sauce cake. However, most of these cakes are still disposed as an industrial waste, although a part of these cakes is used as fertilizers, animal foods and feeds, papermaking, and soil conditioners. Japan Livestock Industry Association [3] reported the quantities of plant food processing wastes in Japan were as follows: brewer's grain (about one million tons), soybean cake (tofu refuse; about seven hundred thousand tons), whisky cake (about three hundred thousand tons), juice extraction cake from orange, apple, and grape (about eleven hundred thousand tons), soy sauce cake (about nine hundred thousand tons), and so on. There are also many kinds of food processing wastes such as used tea leaves, coffee lees, shochu distillery by-product, sake lees, and rice bran. Among these wastes, the nutritional value of soy sauce cake is significantly high to remain many proteins, lipids, fibers, and beneficial isoflavones after manufacturing process of soy sauce [4] . So soy sauce cake is considered as a good protein source having high energy. Moreover, in comparison with other by-products it was reported that it could be store at 10˚C or 30˚C for 28 days without decomposition to contain highly concentration of NaCl [5] .
Reactive oxygen species (ROS) such as the superoxide anion radical, hydroxyl radical, singlet oxygen, and hydrogen peroxide are known to generated both by normal cellular metabolism and by exogenous factors, including smoking and air pollution [6] . Oxidative stress is caused by an imbalance between the generation of ROS and the activity of the body's antioxidant defenses. Severe oxidative stress damages proteins, lipids, carbohydrates, and DNA [7] and causes accelerated aging as well as chronic diseases such as cancer and heart disease. Scavengers of these ROS may be used as a preventive tool to control oxidative stress-related diseases. Many kinds of natural compounds have shown antioxidant activity against different kinds of ROS [8] . Among them, plant foods contain many different classes and types of antioxidants, knowledge of their total antioxidant capacity, which is the cumulative capacity of food components to scavenge ROS, would be useful for human consumption and nutritional supplementation [9] . The present research explores in vitro antioxidative activity and antihypertensive activity of soy sauce cake as one of food processing waste to apply in food processing and biomedical fields and to reduce food processing wastes.
Materials and Methods

Materials
Raw soybean and whole wheat flour, salt, and koji mold for soy sauce were purchased from a local wholesale market, Hokkaido, Japan and used in this study. Pepsin from porcine stomach mucosa (EC 3.4.23.1; 2× crystallized; 3085 U/mg protein) was from Sigma, USA. ACE from bovine lung (1 U), 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH), bovine serum albumin (BSA), α-chymotrypsin from bovine pancreas (EC 3.4.21.1; 1000 usp chymotrypsin units/mg), 2-deoxy-D-ribose, ethylenediaminetetraacetic acid disodium salt (EDTA), 1,1-diphenyl-2-picrylhydrazyl (DPPH), ethyl acetate for spectrochemical analysis grade, hippuryl-L-histidyl-Lleucine as substrate peptide, linoleic acid, nitroblue tetrazolium salt (NBT), papain (EC 3.4.22.2; digestive powder; 1:350), thermolysin from Bacillus thermoprotealyticus Rokko (EC 3.4.24.4; 7000 PU/mg), α-tocopherol, trypsin from porcine pancreas crystallized (EC 3.4.21.4; 4500 USP trypsin U/mg protein), and xanthine were from Wako Chemicals Co. Ltd. (Osaka, Japan). Pronase E from Streptomyces griseus (1,000,000 tyrosine U/g) was from Kaken Pharmaceutical Co. Ltd. (Tokyo, Japan). Xanthine oxidase from butter milk (XOD; 0.33 U/mg powder) was from Oriental Yeast Co. Ltd. (Tokyo, Japan). All other reagents were of analytical grade.
Manufacturing of Soy Sauce
Seven hundred grams of soybeans are soaked in running water overnight to hydrate the beans. To denature the protein for enzyme digestion, the beans were cooked by steaming under atmospheric pressure. The same grams of whole wheat flour was roasted in order to be digested by mold amylase. The cooked soybeans and the roasted flour are mixed prior to inoculation with the starter, koji mold. After the materials were cooled by hand mixing, the mixture of soybeans and wheat was inoculated with 0.2% of koji mold. The mixed materials were cultured in clean and flat plastic pail. After 18 -24 h, the materials were cooled down by hand mixing and transferred the inoculated mixture in small wooden boxes. Next, to produce more protease, the temperature of the mixture was kept below 37˚C. After 18 -24 h, the materials were cooled down by hand mixing. The incubation temperature was maintained at 28˚C -30˚C, and then the mixture was cultured continuously. The mixture should be cultured for a total of 72 h. The harvested soybean-wheat koji (shoyu koji) was placed into appropriate fermentation container. About 22% salt solution was poured and mixed into the shoyu koji. The mixture, moromi was allowed to undergo hydrolysis for 6 months with occasional agitation. The aged mash was filtered under a high hydraulic pressure through cloth. The clear liquid was heated at 80˚C for 10 min, and then the pasteurized product was stored in semi-closed tank to allow the coagulum produced during heating to settle. The soy sauce produced was then bottled and sealed. The soybean cake was collected to analyze the chemical composition. The remained pressed cake (soy sauce cake) was dried using dryer at 40˚C and the dried matters were stored in deoxi- The extracts were centrifuged at 30,000 × g for 30 min, and the supernatants were pooled, and then lyophilized.
Pepsin Digestion
Dried matters were added and homogenized with 20 volumes of distilled water, and pH of the suspension was adjusted at 2.0 using HCl. The digestion was started by adding 1.0% (w/w) pepsin. After 48 h at 37˚C, hydrolysis was stopped by boiling for 10 min. The hydrolysate was centrifuged at 30,000 × g for 30 min to remove the residue. The supernatants were pooled, and then lyophilized.
Trypsin Digestion
Dried matters were added and homogenized with 20 volumes of distilled water, and pH of the suspension was adjusted at 7.6 using NaOH. The homogenates were digested with 1.0% (w/w) trypsin. After 48 h at 37˚C, hydrolysate was boiled for 10 min to inactive the enzyme. This was centrifuged at 30,000 × g for 30 min, and the supernatants were pooled and lyophilized.
Papain Digestion
Dried matters were added and homogenized with 20 volumes of distilled water, and pH of the suspension was adjusted at 7.0 using NaOH. The homogenates were digested with 1.0% (w/w) papain at 37˚C for 48 h. The hydrolysate was stopped by boiling for 10 min. The hydrolysate was centrifuged at 30,000 × g for 30 min to remove the residue. The supernatants were pooled and lyophilized.
Chymotrypsin Digestion
Dried matters were added and homogenized with 20 volumes of distilled water, and pH of the suspension was adjusted at 7.9 using NaOH. The homogenates were digested with 1.0% (w/w) chymotrypsin at 37˚C for 48 h. The enzyme reaction was stopped by boiling for 10 min. The hydrolysate was centrifuged at 30,000 × g for 30 min, and the supernatants were pooled, and then lyophilized.
Pronase E Digestion
Dried matters were added and homogenized with 20 volumes of distilled water, and pH of the suspension was adjusted at 7.0 using NaOH. The homogenates were digested with 1.0% (w/w) pronase E at 37˚C for 48 h. The hydrolysate was stopped by boiling for 10 min. The hydrolysate was centrifuged at 30,000 × g for 30 min, and the supernatants were pooled, and then lyophilized.
Thermolysin Digestion
Dried matters were added and homogenized with 20 volumes of distilled water, and pH of the suspension was adjusted at 7.5 using NaOH. The digestion was started by adding 0.1% (w/w) thermolysin. After 48 h at 37˚C, hydrolysis was stopped by boiling for 10 min. The hydrolysate was centrifuged at 30,000 × g for 30 min to remove the residue. The supernatants were pooled, and then lyophilized.
The lyophilized powders were used as the sample solution (1, 10, and 100 mg/ml H 2 O) for the following tests.
Chemical Analysis
AOAC methods were used as chemical analysis of soy sauce cake [10] . Moisture content was measured using a hot oven. Protein content was determined by the Kjeldahl method using a conversion factor of 6.25. Lipid content was analyzed by ether extraction. Ash content was determined using a furnance. Crude fiber content was estimated by the Prosky method. Salt content was measured by the Mohr method. The protein concentration in water extract and enzymatic hydrolysates from soy sauce cake were measured by the method of Lowry et al. [11] using BSA as standard.
Antioxidative Activity
Antioxidative activities of water extract and enzymatic hydrolysates from soy sauce cake were measured in a linoleic acid oxidation system described by Nagai et al [12] . A 0.083 ml of sample solution and 0.208 ml of 0.2 M sodium phosphate buffer (pH 7.0) were mixed with 0.208 ml of 2.5% (w/v) linoleic acid in ethanol. The preoxidation was initiated by the addition of 20.8 μl of 0.1 M AAPH and carried out at 37˚C for 200 min in the dark. The degree of oxidation was measured according to the thiocyanate method for measuring peroxides by reading the absorbance at 500 nm after colouring with FeCl 2 and ammonium thiocyanate. Ascorbic acid (1 and 5 mM) and α-tocopherol (1 mM) were used as positive control. Distilled water was used as negative control.
Effect of Superoxide Anion Radical
Effect of superoxide anion radical was evaluated as described by Nagai et al. [12] . This system contained 0.48 ml of 0.05 M sodium carbonate buffer (pH 10.5), 0.02 ml Copyright © 2012 SciRes.
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In Vitro Antioxidative Activity and Antihypertensive Activity of Soy Sauce Cake Derived from the Manufacturing of Japanese Style Fermented Soy Sauce 1121 of 0.15% of BSA, 0.02 ml of 3 mM EDTA, 0.02 ml of 0.75 mM NBT, 0.02 ml of 3 mM xanthine, and 0.02 ml of sample solution. After preincubation at 25˚C for 10 min, the reaction was started by adding 6 mU XOD and carried out at 25˚C for 20 min. The reaction was stopped by adding 0.02 ml of 6 mM CuCl. The solution was centrifuged at 12,000 rpm for 5 min, and the absorbance of the supernatants were measured at 560 nm and the scavenging activity was calculated by measuring the amount of formazan that was reduced from NBT by superoxide. Ascorbic acid (1 and 5 mM) and α-tocopherol (1 mM) were used as positive control. Distilled water was used as negative control. The IC 50 value was defined as the concentration of the sample required to inhibit 50% of superoxide anion radical activity.
Effect of Hydroxyl Radical
The effect of hydroxyl radical in water extract and enzymatic hydrolysates from soy sauce cake was assayed using the deoxyribose method [12] . The reaction mixture contained 0.45 ml of 0.2 M sodium phosphate buffer (pH 7.0), 0.15 ml of 10 mM 2-deoxy-D-ribose, 0.15 ml of 10 mM FeSO 4 -EDTA, 0.525 ml of distilled water, and 0.075 ml of sample solution in an Eppendorf tube. The reaction was started by the addition of 0.15 ml of 10 mM H 2 O 2 . After incubation at 37˚C for 4 h, the reaction was stopped by adding 0.75 ml of 1.0% (w/v) of 2-thiobarbituric acid in 50 mM NaOH and 0.75 ml of 2.8% (w/v) trichloroacetic acid. The solution was boiled for 10 min, and then cooled in water. The solution was centrifuged at 12,000 rpm for 5 min, and the absorbance of the supernatants was measured at 520 nm. Hydroxyl radical scavenging activity was evaluated as the inhibition rate of 2-deoxy-D-ribose oxidation by hydroxyl radicals. Ascorbic acid (1 and 5 mM) and α-tocopherol (1 mM) were used as positive control. Distilled water was used as negative control. The IC 50 value was defined as the concentration of the sample required to inhibit 50% of hydroxyl radical activity.
Effect of DPPH Radical
The effect of DPPH radical was measured as described by Nagai et al. [12] . The assay mixtute contained 0.03 ml of 1.0 mM of DPPH radical solution in ethanol, 0.24 ml of 99% of ethanol, and 0.03 ml of sample solution. The mixture was rapidly mixed and after 30 min the absorbance of the solution was measured at 517 nm. Ascorbic acid (0.1 and 1.0 mM) and α-tocopherol (1 mM) were used as positive control. Distilled water was used as negative control. The IC 50 value was defined as the concentration of the sample required to inhibit 50% of DPPH radical activity.
ACE Inhibitory Activity
The ACE inhibitory activities of water extract and enzymatic hydrolysates from soy sauce cake were performed as described by Nagai et al. [12] . Twenty five microliters of sample solution and 75 μl of 0.1 M sodium borate buffer (pH 8.3) containing 5.83 mM hippuryl-L-histidyl-L-leucine as substrate and 1.0 M NaCl in an Eppendorf tube were preincubated at 37˚C for 5 min. The mixture was incubated with 25 μl of 0.1 M sodium borate buffer (pH 8.3) containing 1 mU ACE and 1.0 M NaCl at 37˚C for 60 min. After the reaction was stopped by the addition of 125 μl of 1.0 M HCl, the resulting hippuric acid was extracted with 750 μl of ethyl acetate by violently mixing for 15 s. After centrifugation at 6000 rpm for 3 min, 500 μl of the upper layer was transported into the other tube and evaporated at 80˚C for 2 h. The hippuric acid was dissolved in 500 μl of distilled water, and then the absorbance was measured at 228 nm. The IC 50 value was defined as the concentration of the sample required to inhibit 50% of the ACE activity.
Statistical Analysis
Each assay was repeated 3 times independently and the results were reported as means ± standards deviation. Statistical analysis was performed by using Student's t-test.
Results and Discussion
Chemical composition of soy sauce cake was analyzed using AOAC method [10] . As a result, the contents of water, proteins, lipids, carbohydrates, and ash were 38.2%, 14.8%, 7.0%, 32.2%, and 7.8%, respectively (Table 1). The contents of crude fibers were 27.2%, that is, the contents of sugars were 5.0%. Moreover, the content of NaCl was high about 5.6%. Ito et al. [13] reported the chemical composition of soy sauce cake prepared from defatted soybean. These contents were as follows: 37.5 (water), 24.3 (proteins), 6.9 (lipids), 25.0 (crude fibers), and 1.6% (ash except for NaCl), respectively. Hori et al. [5] studied the characteristics of component as feed of by-products derived from food industry. As a result, they reported the composition of soy sauce cake used in the study was as follows: 34.7 (water), 19.6 (proteins), 5.6 (lipids), 6.2 (fibers), and 6.8% (ash), respectively. Saito et al. [14] studied the utilization of fermentation food processing waste such as juice extraction cake from grape, rice bran, sake lees, and soy sauce cake. They reported the chemical composition of soy sauce cake was as follows: 37.6 (water), 7.8 (proteins), 7.2 (lipids), 38.9 (carbohydrates), and 8.5% (ash), respectively. In general, soy sauce cake contains water (about 30%) and salt (about 6% -10%). However, the results from these reports were different each other: the reason is due to the difference of compression equipments of the aged mash (moromi). On the other hand, specific gravity and pH of soy sauce cake were 1.052 and 5.4 (20˚C), respectively ( Table 1) . The water extract and enzymatic hydrolysates using six proteases such as pepsin, trypsin, papain, chymotrypsin, pronase E, and thermolysin from soy sauce cake were successfully prepared. The yields of the hydrolysates were high, ranging from 22.7% to 29.9% on the basis of dry matter ( Table 2 ). The protein contents μg/mg in lyophilized powder ranged from 356.3 to 414.9 on the basis of dry matter ( Table 2) . It was proved that soy sauce cake was a good protein source to obtain the peptide by analysis of its protein content.
The antioxidative activities of water extract and enzymatic hydrolysates from soy sauce cake were investigated in vitro. For 1 mg/ml water extract the activity was very low similar to that of negative control (Table 3) . Each enzymatic hydrolysate showed twice activity as high as water extract. It suggested that many species of peptides showed the antioxidative activity to hydrolyze the proteins using enzymes. The activities for 10 mg/ml trypsin and thermolysin hydrolysates were similar to that of 5 mM ascorbic acid. Except for water extract, each enzymatic hydrolysate exhibited high levels of activity. On the other hand, 100 mg/ml sample solution had extremely high antioxidative activity similar or higher activitiy than 1 mM α-tocopherol. Particularly, pepsin, trypsin, pronase E, and thermolysin hydrolysates completely inhibited linoleic acid oxidation. The antioxidative activities of these samples increased with increasing the concentration of sample. Superoxide anion radical scavenging activities of water extract and enzymatic hydrolysates from soy sauce cake were measured using xanthine/xanthine oxidase system. The activities tended to increase with an increasing degree of the concentration of sample ( Table 4 ). The activities for 1 mg/ml water extract and trypsin, chymotrypsin, pronase E, and thermolysin hydrolysates were higher than that of 1 mM ascorbic acid, although the activity of pepsin hydrolysate was low about only 7%. For 10 mg/ml trypsin hydrolysate the activity was high and was similar to that of 1 mM α-tocopherol, although the activities of other sample species did not amount to that of 1 mM α-tocopherol. On the contrary, the activities for 100 mg/ml sample species were remarkable high above 86%, except for papain hydrolysate (about 52%). Particularly, pepsin hydrolysate completely scavenged the radicals (Table 4) .
Hydroxyl radical scavenging activities of water extract and enzymatic hydrolysates from soy sauce cake were investigated and compared with those of ascorbic acid and α-tocopherol as positive controls. All sample species had scavenging activities on hydroxyl radicals, and the activities increased with increasing the concentration of sample species (Table 4) . Except for water extract and trypsin hydrolysate, the activities of enzymatic hydrolysates for 1 mg/ml were similar or higher than that of 1 mM ascorbic acid. The activities for 10 mg/ml enzymatic hydrolysates were equal or twice as high as that of 5 mM ascorbic acid. Moreover, these scavenging rates for 100 mg/ml reached about 58% to 64%, although the activities did not slightly amount to that 1 mM α-tocopherol.
DPPH radical scavenging activities of water extract and enzymatic hydrolysates from soy sauce cake were measured. As a result, the activities for 1 mg/ml sample species were low about 3% -8% similar or higher than that of 0.1 mM ascorbic acid ( Table 4) . With increasing the sample concentration the activities increased and 10 mg/ml sample species scavenged its radical about 17% -24%. These activities did not amount to that of 1 mM ascorbic acid. For 100 mg/ml the activity of trypsin hydrolysate was highest about 70% among these sample species tested, although the activity did not reach that of 1 mM α-tocopherol. Other sample species for 100 mg/ml quenched DPPH radicals about 53% -61%. Antihypertensive activites of water extract and enzymatic hydrolysates from soy sauce cake were determined and are shown in Table 5 . These sample species except for trypsin hydrolysate had no activities. For 10 mg/ml water extract and these hydrolysates had a moderate inhibitory activities about 36% -59%. On the other hand, 100 mg/ml sample species possessed extremely high activities, about 84% -98% ( Table 5 ). The pronase E hydrolysate almost perfectly inhibited ACE activity. It suggested that ACE inhibitory activities of hydrolysates from soy sauce cake derived from the manufacturing of soy sauce were correlated with the amino acid composition and its sequences of the proteins in these hydrolysates. From these results, it was obvious that a large quan-tity of peptides possessing high ACE inhibitory activity could be obtain from soy sauce cake.
The IC 50 values of water extract and enzymatic hydrolysates from soy sauce cake against superoxide anion radical activities were calculated. As a result, its values ranged from 38.3 to 93.6 mg/ml [50.1 mg/ml (water extract), 41.3 mg/ml (pepsin hydrolysate), 38.3 mg/ml (trypsin hydrolysate), 93.6 mg/ml (papain hydrolysate), 46.1 mg/ml (chymotrypsin hydrolysate), 38.4 mg/ml (pronase E hydrolysate), and 40.7 mg/ml (thermolysin hydrolysate), respectively] (Figure 1) .
The IC 50 values of water extract and these hydrolysates from against hydroxyl radical activities were calculated. As a result, its values were around 80 mg/ml [77.5 mg/ml (water extract), 76.8 mg/ml (pepsin hydrolysate), 81.8 mg/ml (trypsin hydrolysate), 82.7 mg/ml (papain hydrolysate), 79.4 mg/ml (chymotrypsin hydrolysate), 71.0 mg/ml (pronase E hydrolysate), and 73.4 mg/ml (thermolysin hydrolysate), respectively] (Figure 1) .
The IC 50 values of water extract and these hydrolysates against DPPH radical activities were calculated. As a result, its values ranged from 66.6 to 93.2 mg/ml [89.0 mg/ml (water extract), 78.0 mg/ml (pepsin hydrolysate), 66.6 mg/ml (trypsin hydrolysate), 93.2 mg/ml (papain hydrolysate), 86.8 mg/ml (chymotrypsin hydrolysate), 82.6 mg/ml (pronase E hydrolysate), and 80.1 mg/ml (thermolysin hydrolysate), respectively] (Figure 1) .
Moreover, the IC 50 values of water extract and these hydrolysates against ACE activity were calculated. As a result, its values ranged from 38.5 to 52.8 mg/ml [51.5 mg/ml (water extract), 52.8 mg/ml (pepsin hydrolysate), 38.5 mg/ml (trypsin hydrolysate), 51.8 mg/ml (papain hydrolysate), 50.7 mg/ml (chymotrypsin hydrolysate), 41.8 mg/ml (pronase E hydrolysate), and 43.0 mg/ml (thermolysin hydrolysate), respectively] (Figure 1) . Okamoto et al. [15] reported that various fermented foods Table 5 . ACE inhibitory activities of water extract and enzymatic hydrolysates from soy sauce cake. possessed high ACE inhibitory activities as IC 50 values as follows: sake (general, junmai, ginjo, and genmai 3.77 -6.85 mg/ml), fish sauce from salmon, sardine, and anchovy (1.35 -3.15 mg/ml), soy sauce (koikuchi, usukuchi, saishikomi, shiro, and tamari 0.71 -17.8 mg/ml), old style mirin (85.6 mg/ml), vinegar (several crops and rice 9.84 -10.1 mg/ml), miso (barley, and soybean 2.38 -5.35 mg/ml), cheese (camembert, blue, and red cheddar 0.16 -0.27 mg/ml), natto f om soybean (0.19 mg/ml), r
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In Vitro Antioxidative Activity and Antihypertensive Activity of Soy Sauce Cake Derived from the Manufacturing of Japanese Style Fermented Soy Sauce nyufu from soybean (0.66 mg/ml), and temphe from soybean (0.51 mg/ml), respectively. These fermented foods as the Maillard reaction products showed high ACE inhibitory activities. Next, the relationship between these IC 50 values of water extract and enzymatic hydrolysates from soy sauce cake and these radicals and ACE was investigated. Based on their IC 50 values, the hydrolysates from soy sauce cake were more significantly effective against superoxide anion radicals and ACE, compared with hydroxyl radicals and DPPH radicals. That is to say, it was suggested that water extract and enzymatic hydrolysates from soy sauce cake had highly scavenging and inhibitory effects against superoxide anion radicals and ACE, but lower against DPPH radicals.
Antioxidant compounds play an important role as health-protective factors. Most of the antioxidant compounds in a typical diet derive from plant sources and belong to various classes of compounds with a wide variety of physical and chemical properties [16] . They can delay or inhibit lipid oxidation by inhibiting the initiation or propagation of oxidizing chain reactions and are involved in scavenging free radicals [17] [18] [19] [20] [21] . Our present study showed that a large amount of proteins possessed in enzymatic hydrolysates prepared from soy sauce cake. These hydrolysates exhibited highly antioxidative activity and scavenging activities against superoxide anion radicals, hydroxyl radicals, and DPPH radicals. In addition, these hydrolysates possessed high ACE inhibitory activity. In general, food proteins taking in the body are first digested in stomach by pepsin, and then the hydrolysates further digested in intestines by trypsin, chymotrypsin, and carboxyl protease. It is expected the higher antioxidative activity, scavenging activities against free radicals, and ACE inhibitory activity in enzymatic hydrolysates from soy sauce cake derived from the manufacturing of soy sauce until these hydrolysates are absorbed in the body system, although it is necessary to decrease the quantity of NaCl.
Soybeans are recognized as being a good source of several nutrients that contain many kinds of polyphenols as isoflavone analogues such as daidzin and genistin [22] . It is well known that these isoflavones show antioxidative activities in fermented soybean products as natto, tempeh, miso, shoyu, etc. Esaki et al. [23] reported that these isoflavones were hydrolyzed into the corresponding aglycones, daidzein and genistein by β-glucosidase from soybeans. They clarified that these free isoflavones possessed antioxidative activities in soybean pastes in the antioxidative assay using liposome prepared from egg yolk lecithin [23] . They also isolated potent antioxidative isoflavones, 8-hydroxydaidzein (8-OHD) and 8-hydroxygenistein (8-OHG) that have an o-dihydroxy structure between the 7-and 8-position from daidzein and genistein by a hydroxylation reaction during the fermentation process with Aspergillus saitoi [24, 25] and A. oryzae [26] [27] [28] . Moreover, they studied about these free isoflavones such as 8-OHD and 8-OHG in the soy sauce cake obtained from several brewing makers [29] . As a result, it found that the remaining rate of these o-dihydroxy-isoflavones (ODI) in various soy sauce cake were very high, and that the antioxidative ODI were potent in rich enough amounts to utilize these cakes as antioxidative materials. The extracted preparations with ethanol and ethyl acetate exhibited strong antioxidative effects against a fish oil in both oil and liquid/aqueous system. Moreover, these also showed higher DPPH radical scavenging activities and stronger inhibition of lipid peroxidation in a liposome system. It is suggested from the present study that a large amount of soy sauce cake can be used as an underutilized resource with these functionalities for different applications in food processing and biomedical fields. The use of soy sauce cake may be also to contribute to reduce food processing wastes and to resolve an environmental problem. Further research will be necessary to confirm the principal antioxidants and ACE inhibitors in water extract and enzymatic hydrolysates from soy sauce cake to contain the functional compounds such as isoflavones, phenolcarboxylic-acids and these derivatives, and melanoidin (browning reaction product).
